Abstract. In order to solve the problem of overvoltage of single phase grounding fault of paralleled 12-pulse rectifier system, firstly the common mode wave problem of monopole in DC side at fault is analyzed. Secondly, the transient overvoltage of the system at the AC side single phase fault is analyzed by simplifying the charging and discharging circuit of capacitances on DC side. Finally, the theory of frequency extinguishing arc is used to simulate the intermittent arc grounding overvoltage. It is proved that the capacitance on DC side also affects the AC overvoltage in the system that provides a basis for the better suppression of overvoltage in the project. The correctness of the conclusion is verified by PSCAD/EMTDC simulation software in the analysis process.
Introduction
In recent years, DC power supply system has been widely used in long distance DC transmission, as well as the electrified transportation system including aircraft, ships and high speed rail, due to more easily grid-connected, smaller loss of line, higher reliability and better economy. In order to rectify high quality voltage of DC side, many different phase three-phase windings are often combined, and the 12 or 24 pulse rectifier generator is a common way of the AC and DC hybrid power system [1, 2] . The multi pulse rectifier synchronous generator can reduce the ripple of DC voltage and effectively improve the power quality of DC side.
Single phase to ground fault is common fault in power system, and single phase grounding inevitably causes overvoltage. Normally, the voltage of the non fault phase will rise to line voltage when the single phase grounding occurs, but in fact, the overvoltage is often higher than the line voltage level [3] . There are two main reasons for the overvoltage over the line voltage, one is the existence of distributed capacitance in the system, the oscillation overvoltage is produced in the process of charging and discharging, and the second reason is that the single-phase grounding fault is not fully metallic grounding, but the arc grounding, and the higher overvoltage is produced by arc reigniting. Single phase grounding faults sometimes generate 3.5pu overvoltage [4, 5] , which will not only damage the insulation of the line, but also burn the electrical equipment.
At present, the research on single-phase grounding fault of AC distribution network is very mature, but the research on AC power system with rectifier load is less. In both DC power system and electrified transportation systems, the distance of the AC network to the rectifier load is very short, and the distributed capacitance is mainly concentrated on the DC side, which is different from the existing of distributed capacitance on AC side. The charge and discharge of the capacitor need to pass through the circuit of the rectifier bridge. In this paper, the paralleled 12-pulse uncontrolled rectifier system is studied, and the overvoltage of the single phase grounding fault is analyzed and calculated. The simulation software PSCAD/EMTDC is used to verify conclusion, a basis for the study of overvoltage in this kind of system in the future is provided.
Common Mode Fluctuation of Monopole on DC Side
The paralleled 12-pulse rectifier system can be powered by a transformer or synchronous generator, and the two sets of windings have 30 degree difference [6] , as shown in Figure 1 . Taking the uncontrolled rectifier bridge as an example, there are some distributed capacitances on the positive and negative buses on the DC side, which are C + , C -, and the load resistance is R d . In this paper, electromagnetic transient simulation software called PSCAD/EMTDC is used to carry out simulation analysis, and the specific parameters refer to the parameter of a certain ship's DC system. When the single phase grounding fault occurs on the AC side, the common mode fluctuation of monopole on DC side will generate, whose amplitude is equal to the amplitude of the AC phase voltage (U m ) due to the transmission of the zero sequence voltage [7, 8] . The waveform is shown in Figure 2 . In the instant of the common mode wave, the capacitor will form the charge and discharge circuit through the uncontrolled rectifier bridge with the inductance of the AC side, thus the oscillation voltage is produced.
Transient Overvoltage of Non-fault Phase on AC Side
When the single-phase grounding fault occurs on the AC side, the non-fault phase will generate overvoltage above the normal line voltage due to the capacitance on DC side. For example, when the A1 phase occurs the single-phase grounding fault at the negative highest value (-U m ), we can get the phase voltage before fault,
(1) And we can get the phase voltage at fault beginning,
At the same time, the DC side monopole has common mode fluctuations, and the oscillation voltage generated by capacitor C + and C -charging and discharging instantly passes through the rectifier bridge to two non fault phases.
The non fault phase transient overvoltage is the vector sum of the voltage U b1 (0 + ), U c1 (0 + ) and the oscillating voltage U s at the fault, in which the oscillating voltage is U s =1pu, so we can get the overvoltage at this time, U ov =1.5pu+1pu=2.5pu (3) At the instant of failure, the non fault phase will generate the maximum 2.5pu transient overvoltage, as shown in Figure 3 . When it is seen at the moment of failure, the overvoltage of the C1 phase reaches 2.5pu, and the overvoltage is maintained at the normal line voltage level (1.73pu) after the fully metallic ground is grounded.
Overvoltage Caused by Arc Grounding
Single phase to ground fault is often accompanied by arc generation. When arcing is grounded, due to the extinction and reignition of the arc, a higher overvoltage will be generated.
The formula (3) shows that when the first arc is grounded, the perfect phase produces 2.5pu overvoltage, and if the arc continues to extinguish the reignition, the free charge accumulates continuously at the DC capacitance, and the initial oscillation voltage is also rising. Finally, the overvoltage multiplier is increasing, and it can reach 3.5pu when serious.
The extinction and reburning time of arc are closely related to the maximum overvoltage, but the arc process is very random, and it can only be idealized. At present, there are two common arc theories: the power frequency extinction theory and the high frequency extinction theory. The theory of high frequency current extinction is analyzed based on the premise that the arc is extinguished when first zero crossing of high frequency current. Because the high frequency current is over zero, the high frequency oscillating voltage is just the maximum, and the amount of charge remaining on the non fault phase after the extinguishing is larger, so the over voltage is higher, and the arc is analyzed with the power frequency current crossing zero, called the theory of the power frequency current quenching. According to this analysis, the amount of charge remaining on the non fault phase is less and the overvoltage value is low, but it is close to the actual measured value in the power system [9] . This paper uses the theory of frequency quenching to control the arc grounding state in the simulation model, as shown in Figure 4 as the A1 phase arc grounding control model, and simulates the extinction and reignition of the arc with four fault modules in different conduction periods. The overvoltage waveform is shown as shown in Figure 5 . As can be seen from Fig.5 , the quenching and restriking of the arc makes the overvoltage rise continuously, and it has risen to 2.9pu in 1.5 seconds. Without restraint, the electrical equipment will be seriously burned.
It is worth mentioning that the interphase capacitance of the AC and DC side can suppress the arc overvoltage. This model only takes into account the effect of the distributed capacitance on the overvoltage, and the influence of the interphase capacitance is not repeated too much again.
Summary
Taking the parallel 12 pulse rectifier system as an example, the common overvoltage of single phase to ground fault is analyzed, and the following conclusions are drawn: 1) When a single-phase grounding fault occurs on the AC side, the common mode fluctuation of monopole on DC side will generate, whose amplitude is equal to the amplitude of the AC phase voltage, but the total DC voltage will not change.
2) Because the AC side line is very short, the distribution capacitance can be ignored, and the distributed capacitance of the DC side can also affect the overvoltage through the rectifier bridge circuit. The 2.5pu transient overvoltage will be generated at the instant of failure, and then it will return to line voltage level.
3) The overvoltage multiplier increased significantly, even to 3.5pu, when the single phase is resonance arc grounding. It must be curbed or it will seriously damage the power equipment.
